Generally, the clam heart muscle is myogenic and consisted of non-striated muscle unlike mammalian heart muscle (1) . It is, therefore, of interest from a view-point of pharmacology and physiology that the clam heart reacts on drugs with a special action.
Prosser (2) showed that the heart of Venus mercenalia, a clam native to California, was useful in the biological assay of acetylcholine (ACh); Welsh (3) , in the biological assay of 5-hydroxytryptamine (5HT); Tanabe et al . (4) that the heart of Mactra sachalinensis, a shellfish native to Japan, and Aishita et al. (5) the heart of Meretrix lusoria, a shellfish native to Japan, were useful in the biological assay of ACh.
We also used the heart of clam, Meretrix meretrix lusoria in the biological assay of ACh and 5HT and reported the positive inotropic action of benzylalcohol and related compounds (7). Ogura et al. (8, 9) investigated the action of many surface active agents on the clam heart and reported that they produced a negative inotropic action and that there was a relation between nega tive inotropic action and structure.
In the case of the clam heart, ACh action is not antagonized by atropine (2) , not enhanced by anti-cholinesterasic agents and specifically antagonized by mytolon, a muscle relaxant, only (10, 11) .
It is believed, therefore, that the ACh receptor of the clam heart is nicotinic, but not muscarinic, though an objection was raised to this (12) . On the other hand, the positive inotropic action of 5HT is antagonized by 2-bromo-d-lysergic acid diethylamide (BOL), d-lysergic acid diethylamide (LSD) and ergotamine (13) . This is the same as in warm-blooded animals.
Cheymol et al. (14) and Ogura (15) investigated the actions of thiamine and related compounds on nerve-muscle preparation (in vivo) of cat and rabbit and found two opposite actions, curare-like and anticurare-like actions, and proposed that these actions might be related with the presence of the ionized nitrogen in the structure of those compounds.
In the present paper, the results of comparative study of the actions of thiamine and related compounds on the clam heart are reported.
METHODS
Clam (Meretrix meretrix lusoria) native to Japan was used throughout the 
Effect of Ca Ion on the Action of SBT and TPD
Both SBT and TPD caused a positive inotropic action in 1/3 Ca containing solution (the content of CaSO4. 2H2O in normal artificial sea-water was reduced to 1/3) (Fig. 10) .
In Ca-free solution (prepared by eliminating Ca2+ from normal artificial sea water), however, the movement of the clam heart was remarkably depressed in the amplitude and heart rate and arrythmia was induced at times. The positive inotropic action of SBT and TPD on the clam heart under such a condition could not be noted (Fig. 11) 6. Effect of Na Ion on SBT and TPD In 1/3 Na containing solution or in Na-free solution, the movement of the clam heart was depressed in the amplitude and in a short time resulted in cardiac stop, but when 2/3 Na containing solution was used, apparent changes in the cardiac movement were not noted. Vol. 15
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After cardiac stop produced in 1/3 Na containing solution or in Na-free solu tion, both SBT and TPD could not produce their positive inotropic action. In 2/3 Na containing solution, however, they caused positive isotropic action as in normal artificial sea-water (Fig. 12) . TPD often caused increase in the tonus as shown in Fig. 12-A. 
DISCUSSION
The effect of seven compounds related to thiamine on the clam heart was investigated.
A very strong positive inotropic action was noted in SBT and TPD. This action did not appear in Na-free or Ca-free solution, but appeared in K-free solution.
This action was also completely retained in 1/3 Na containing solution and 2/3 Ca containing solution.
Such a phnomenon seems to be similar to that of excitability of the smooth muscle as like taenia coli or skeletal muscle of crayfish (16) . This may be related to the fact that the heart of Meretrix meretrix lusoria is myogenic and consisted of non-striated muscle cells. Nakazawa et al. (17) found that both TPD and TTFD caused prolongation of the repolarization phase and inhibition of Ca influx in the heart muscle cell of the guinea-pig by means of electrophysiological method, but thiamine did not possess such action. Misu et al. (18) also reported almost similar results. Kanno (19) and Nakazawa et al. (17) reported that TPD and thiamine tetrahydrofurfuryl disulfide caused the positive inotropic action in the isolated guinea-pig atria. Katsura et al. (20) also recognized the same results in the toad heart.
These results are closely similar to those obtained in our experiment of the clam heart.
There is, however, a great difference in the reactivity to drugs between the heart of vertebrate and that of clam. In the case of the latter, the negative inotropic action of ACh is not antagonized by curare, pentamethonium and atro pine, not increased by eserine, but antagonized by only mytolon and tetraethylam monium (21, 10). Luduena et al. (11) suggested that such an antiacetylcholine action of mytolon was not related to its ganglion blocking action, curare-like action or ACh-esterase inhibiting action. The antiacetylcholine action of SBT and TPD observed in the present experiment, therefore, may not be the antagonism to the ACh receptor. Moreover, such an action of SBT and TPD is not caused by their action on the 5HT receptor, because the action of 5HT is not enhanced or inhibited by SBT and TPD. It also can be shown by the facts that SBT do not possess any 5HT-like action in vertebrates and invertebrates and that they are not antagonized by 5HT antagonists.
The positive inotropic action of SBT and TPD, therefore, is believed to be closely related to the excitability of the cell membrane in which Na+ and Ca2+ play an important role. When these compounds are phosphorylated, the original action is reduced or disappears.
For example, BTMP, a monophosphate of SBT , does not provoke the positive inotropic action as shown in SBT. Such a phenomenone also could be recognized between thiamine and TDP or TTP. These results correspond well with the fact that phosphorylation caused decrease in or disappearance of the re curarisation inducing action and histamine releasing action of thiamine related compounds as already reported by the authors (15) .
The present experiment was carried out with preparation placed in a medium of high pH as 8.3 unlike in the case of isolated organs of warm-blooded animals . In our experiment of the isolated guinea-pig atria, both SBT and TPD caused decrease in the amplitude when pH was below 7 .0, while they caused increase when pH was higher than 7.0 (not published).
According to Satoh (22) , the rat's liver tryptophan pyrrolase activity was enhanced by TPD and TTFD when p1-1 was higher than 8.0. In view of these facts, the positive inotropic action of SBT and TPD on the clam heart may be ascribable to the dependability to pH .
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